Abstract
Introduction
Recombinant adenovirus for PIAS1 overexpression were generated using hairpin RNA (shRNA) of PIAS1 was constructed, with shRNA for LacZ as control.
143
The sequences (5' to 3') for shRNAs are as following: shPIAS1,
144
CACCTTATTATTGACGGGTTGTTTA; shLacZ, AATTTAACCGCCAGTCAGGCT.
145
Recombinant adenovirus was produced and amplified in 293A cells, and purified 146 using adenovirus purification kits (Sartorius, Germany). Purified adenovirus was 147 injected twice a week subcutaneously adjacent to iWAT in 8-week-old mice for 2 148 weeks. For HFD mice, adenovirus administration was conducted in 18-week-old mice 149 for 2 weeks. On day 4 after adenovirus administration, these mice were subjected to 150 further studies.
152

Metabolic parameters measurement
153
For glucose tolerance test (GTT), mice were injected intraperitoneally with D-glucose 154 (2 mg/g body weight) after an overnight fasting, and tail blood glucose levels were 155 monitored every 0.5 h using a glucometer monitor (Roche). For insulin tolerance test After iWAT-specific Ad-PIAS1 or Ad-shPIAS1 administration as described above, 164 iWAT and epididymal white adipose tissue (eWAT) were extracted from mice and 165 allowed to recover in KRB buffer containing 11.1 mM glucose for 1 h. After the 166 initial recovery period, the fat depots were pre-treated with or without insulin for 0.5 h, 
RNA extraction and quantitative PCR (qPCR)
185
RNA extraction and qPCR analysis were conducted as previously described (22).
186
Results were presented as means ± standard deviations (SD) from three independent 187 experiments. Primers used are listed in Supplementary which were hyperglycemia and exhibited insulin resistance. PIAS1 was significantly 238 decreased in both iWAT and eWAT of these pre-diabetic mice ( Fig. 1C and D) .
239
Interestingly, PIAS1 was also reduced in WAT of 5-week-HFD mice (Fig. 1D in both adipocytes and SVF of pre-diabetic mice (Fig. 1E) .
244
Unlike PIAS1, however, other genes of PIAS family didn't exhibit good 245 correlation with pre-diabetic state ( Supplementary Fig. 2 ). Briefly, there were no 246 significant differences in the expression of other PIAS genes between wild-type and 247 ob/ob WAT, except for PIAS2 in eWAT (Supplementary Fig. 2A Fig. 3C ). Consistently, PIAS1 overexpression 273 significantly rescued the impaired insulin signaling caused by TNFα (Fig. 2E) plasma insulin level was not affected (Fig. 3A) . Additionally, GTT and ITT showed 287 that forced expression of PIAS1 in iWAT significantly improved systemic glucose 288 tolerance and insulin sensitivity in pre-diabetic mice ( Fig. 3D-F) , while had no effect 289 on plasma insulin level during GTT ( Fig. 3D and F) , implying that it was the 290 improved insulin sensitivity by PIAS1 that contributed to decreased blood glucose.
291
Consistently, insulin signaling pathway in iWAT was augmented by PIAS1 overexpression, as indicated by increased insulin-stimulated phosphorylation of IRβ,
293
IRS1 and AKT ( Fig. 3G and H) . However, insulin signaling in eWAT was not 294 significantly affected by PIAS1 overexpression in iWAT ( Supplementary Fig. 4G ). To
295
better clarify function of PIAS1 in regulating insulin sensitivity, we conducted 2-DG 296 uptake assay, finding out that PIAS1 overexpression in iWAT significantly promoted 297 glucose uptake of iWAT upon insulin stimulation, while had little effect on eWAT (Fig.   298   3I ).
299
We then depleted PIAS1 expression in wild-type mice by infecting adenovirus 
PIAS1 inhibited inflammatory infiltration in iWAT 310
In obesity, inflammation in adipose tissue is a major contributor to insulin resistance 311 (7). We therefore determined a potential role of PIAS1 in adipose tissue inflammation.
312
PIAS1 overexpression in iWAT of pre-diabetic mice significantly decreased the iWAT as indicated by F4/80 staining ( Fig. 5J ). This was most likely due to the 334 impaired CCL2 level showed above, which is a key chemokine for macrophage.
335
These data collectively suggested that PIAS1 attenuated inflammation response in iWAT of obesity.
PIAS1 in adipocytes inhibited macrophage migration in vitro 339
We then determined the effect of adipocytes PIAS1 on macrophage infiltration in vitro. promoted by PIAS1 knockdown (Fig. 6D ). In addition, we found that PIAS1 inhibited 6 ).
349
To further clarify the role of PIAS1 in macrophage migration, we detected adipocytes ob/ob mice was significantly increased by SP600125 (Fig. 8H) . Moreover, we found 395 that JNK was much more activated in iWAT of pre-diabetic mice as indicated by the 396 increased p-JNK ( Fig. 8I and J) , which was negatively correlated with the expression 397 of PIAS1. All these results suggested that JNK was a vital mediator for PIAS1 398 downregulation.
Discussion
In the current study, we propose a model in which PIAS1 plays a role in controlling 404 insulin sensitivity by inhibiting inflammatory cascade (Fig. 8K) iWAT and eWAT of obese and normal mice. * P < 0.05; ** P < 0.01; *** P < 0.001. Macrophages were loaded on the upper chamber and allowed to migrate for 12 h at 704 37°C. The migratory cells on the lower surface of the membrane were counted 705 manually using 5-6 randomly selected areas. * P < 0.05; ** P < 0.01; ***P < 0.001. iWAT-Ad-LacZ transplantation group: * P < 0.05; ** P < 0.01. 
Cell culture
The 3T3-L1 preadipocytes were maintained and propagated in Dulbecco's modified Eagle medium (DMEM) with 10% calf serum. The 293A cells and Raw264.7 macrophages were maintained and propagated in DMEM with 10% fetal bovine serum (FBS).
Oil Red O staining
The adipocytes were washed with cold PBS and fixed for 10 min with 3.7% formaldehyde. Oil Red O (0.5% in isopropanol) was diluted with water (3:2), filtered through a 0.45 µm filter, and incubated with the fixed cells for 4 h at room temperature. The cells were washed with water, and stained fat droplets in the adipocytes were examined by light microscopy and photographed.
Isolation of SVF and adipocytes from adipose tissues SVF cells and adipocytes were isolated by enzymatic digestion (collagenaseVIII; Sigma). The digested tissues were filtered through a 100 µm mesh filter to remove debris and then centrifuged. The adipocytes floated above the supernatant. The cellular pellet involving the SVF was resuspended with an ammonium chloride lysis buffer to remove red blood cells. The isolated adipocytes and SVF cells were washed twice with PBS, and subjected to further investigation.
Immunofluorescence study iWAT or eWAT were excised, fixed with 4% paraformaldehyde overnight, embedded in paraffin and cut into sections. For immuofluorescence staining, sections were incubated with PIAS1 (Abcam) or F4/80 (Abcam) antibodies to test whether macrophages in adipose tissues expressed PIAS1. For immuofluorescence staining in adipocytes, the mature adipocytes were isolated from iWAT and eWAT as described, immediately fixed and smeared on slides, then permeabilizated before staining with PIAS1 antibody (abcam), with nile red staining to show the lipid droplets. All the fluorescence images were taken and analyzed with a Leica confocal microscope (Leica TCS SP5, Leica, Germany). 
Flow cytometry staining
